Genetic diversity and relationships among 38 Iranian durum wheat accessions were analysed using conserved DNA-derived polymorphism (CDDP) and start codon targeted (SCoT) markers. A total of 10 CDDP and 10 SCoT primers were used to estimate genetic polymorphism among 38 durum wheat accessions. Comparatively, both CDDP and SCoT markers proved to be more effective and in terms of percentage of polymorphisms and polymorphic information content value were relatively similar. The average polymorphic information content value of CDDP was 0.39 which was relatively higher than those of SCoT where the respective values of polymorphic information content was 0.35. Using the neighbor joining clustering method, CDDP and SCoT markers were used to generate dendrograms, which revealed that the durum accessions were clustered into three and two major groups, respectively. According to the present results, CDDP markers proved more informative in studying genetic diversity among durum accessions. In both marker types, low correlation between genetic distances and geographical origin in examined durum landrace accessions was found. However, accessions from the same geographical regions mostly showed more genetic similarity than those with origins far apart. The results demostrated that CDDP and SCoT markers are useful for genetic diversity analysis of durum accessions. This information is useful for future germplasm collection and efficient utilization of landrace durum germplasm in plant breeding.
Introduction
Durum wheat (Triticum turgidum L. subsp. durum (Desf.) Husn) is an important cereal grain that is mainly used for human consumption. Durum is the primary wheat for pasta and semolina production and the second most cultivated wheat after bread wheat (Triticum aestivum L.) (Oliveira et al. 2012) . Knowledge of the genetic diversity in crops is important in crop breeding programmes and in conservation of primary gene pool (Soleimaniet al. 2002) . Low genetic diversity and narrow background of crop species can restrict development of superior genotypes that are tolerant to biotic and abiotic stresses ). Cultivation of crops with different genetic background is an effective strategy for conservation and to reduce genetic vulnerability in crop improvment programmes (Smale et al. 2002; Mardi et al. 2011 ). Due to modern breeding, it has been suggested that genetic diversity in wheat and other crop species has been increasingly narrowed (Tanksley, McCouch 1997) . A narrow genetic base is a problem in breeding for seed yield and for adaptation to biotic and abiotic stresses.
Iran is one of the leading centres for domestication of cereals and according to genetic and archaeological evidence, tetraploid wild emmer was domesticated in the Fertile Crescent around the 8th millennium BCE (Salamini et al. 2002; Oliveira et al. 2012) . Genetic diversity in different durum wheat germplasm has been estimated using AFLP (Medini et al. 2005; Mardi et al. 2011) , SSR and SSAP (Mardi et al. 2011 ) and AFLP markers (Maccaferri et al. 2007 ), but studies on the genetic diversity of Iranian landrace durum wheat are limited. The largest variability for yield and yield-related traits was recorded in Iranian durum wheat landraces, which is in agreement with its proximity to the Fertile Crescent, the origin for domestication of wheat (Harlan 1986; Fayaz et al. 2013) . However, there is no information on genetic diversity patterns in Iranian durum wheat landraces at the molecular level.
In recent years, different molecular markers that generate polymorphism in conserved gene regions of the plant genome have been used, such as start codon targeted polymorphism (SCoT; Collard, Mackill 2009b) and Environmental and Experimental Biology ISSN 2255-9582 conserved DNA derived polymorphism (CDDP; Collard, Mackill 2009a) . The SCoT primers are based on conserved regions flanking the initiation codon sequences of genes and CDDPs are short primers to generate useful genetic markers across functional domains of well-characterised plant genes (Collard, Mackill 2009a; Collard, Mackill 2009b) . These marker techniques has been successfully employed in genetic diversity analysis of several plants, such as chickpea (Pakseresht et al. 2013) , wheat (Hamidi et al. 2014) , ramie (Satya et al. 2015) and jojoba (Heikrujam et al. 2015) . The aim of the present study was to investigate the gentic diversity in Iranian landrace durum wheat accessions and examine the relationships of geographical sources of these accessions with their genetic diversity pattern. This is the first study on the use of ScoT and CDDP markers for genetic diversity analysis in durum wheat. Fig. 1 ). DNA was extracted from a bulk sample of 10 young seedlings per accession using the cetyltrimethylammonium bromide-based protocol of Murray and Thomson (1980) with minor modifications. The quality of the DNA was estimated by both spectrophotometry (260/280 ratio) and gel electrophoresis (0.8% agarose gel).
Materials and methods

Plant
SCoT analysis
Ten ScoT primers deveoped by Collard and Mackill (2009b) were used for genetic diversity analysis in durum genotypes (Table 2 ). For optimization, PCR amplification was performed in a 20 μL reaction mixture containing 1× PCR buffer, 30 ng sample DNA, 0.2 mM dNTPS, 0.3 μM of primer and 1 U of Taq polymerase (Cinnagene, Iran). PCR programmes were carried out in a Eppendorf thermocycler as follows: 94 °C for 2 min, followed by 38 cycles of denaturation at 93 °C for 30 s, annealing at 48 °C for 30 s, H. Seyedimoradi, R. Talebi, F. Fayaz and extension at 72 °C for 80 s. A final extension cycle at 72 °C for 10 min was followed. PCR products were separated on 1.4% agarose gels and stained with ethidium bromide.
CDDP analysis
The sequences of 10 CDDP primers employed in the present study were based on the protein sequences of wellcharacterized genes (Collard, Mackill 2009a ) from diverse plant species (Table 3) . PCR was performed in a total reaction volume of 20 μL containing 50 ng sample DNA, 0.2 mM dNTPS, 0.3 μM of primer and 1 U of Taq polymerase (Cinnagene, Iran). Amplifications were programmed for an initial step at 95 °C for 3 min, followed by 38 cycles of denaturation at 94 °C for 30 s, annealing at the required Tm for 30 sec and elongation at 72 °C for 90 s, followed by a final elongation step at 72 °C for 10 min. PCR products were analyzed using 1.2% agarose electrophoresis gels stained with ethidium bromide.
Data analysis
A binary matrix reflecting SCoT/CDDP band presence (1) or absence (0) was generated. Nei genetic distance (Nei 1973) was determined among the genotypes and used for grouping of the genotypes by unweighted neighbor joining (NJ) cluster method (Perrier et al. 2003) . Tree construction following unrooted NJ tree using a similarity matrix was constructed using DARwin 5.0.128 (Perrier et al. 2003; Perrier, Jacquemoud-Collet, 2006) analysis. The Mantel statistic was used to compare the dissimilarity matrices as well as the dendrogrammes produced by the SCoT and CDDP markers using NTSY S software. Polymorphic information content (PIC) values were calculated for each SCoT and CDDP primers.
Results
ScoT polymorphism and diversity pattern
The 10 SCoT primers amplified a total of 108 amplicons with a range of nine to 13 bands per primer, of which 70 (64%) were polymorphic (Table 4) . Percent polymorphism varied from 46 to 83%, with 4 to 10 polymorphic bands per primer. The primer SCoT28 exhibited the highest number of polymorphic bands (10). Polymorphism information content (PIC) ranged from 0.27 (SCoT12) to 0.43 (SCoT28) with an average of 0.35. Based on the UNJ clustering method, the 38 durum wheat genotypes genotypes grouped into two major groups (Fig. 2) . Cluster I consisted of 20 genotypes that all of them originated from West, NorthWest and North-east Iran. The second cluster consisted of remained genotypes, all with origin from South Iran. Also the genotypes with unknown sources from Iran and two genotypes from Italy and one from Mexico grouped in this cluster (Fig. 2) . 
Geographical diversity pattern in Iranian landrace durum wheat accessions
CCDP polymorphism and diversity pattern
Ten CDDP primers were used to fingerprint landrace durum wheat genotypes, which generated a total of 93 bands, of which 57 were polymorphic (Table 4 ). The number of polymorphic bands ranged from 3 (Myb1) to 8 (Myb2) with an average 5.7 per primers. Percent polymorphism ranged from 42% to as high as 75%, with an average polymorphism of 60.7% across all genotypes. PIC values ranged from 0.19 (Myb1) to 0.46 (ABP1-3), with an average value of 0.39 per primer (Table 4) . Based on the unweighted neighbour-joining method, the 38 durum wheat genotypes grouped in three distinct clusters (Fig. 3) . Cluster I comprised 19 genotypes e from West and North-West of Iran. Cluster II contained 13 genotypes from North-West and South Iran. Remaining genotypes grouped in a third cluster that originated from Iran and Italy (Fig. 3) .
Comparison between the SCoT and CDDP marker systems
The present study showed that both marker systemes can be effective in estimating genetic diversity in durum wheat genotypes, as shown by the high polymorphic percentage and PIC values. In generall, CDDP markers generated higher polymorphism and PIC values than for the SCoT markers. The cophenetic coefficient for both markers 
Discussion
Characterization of potential genome diversity of germplasm collections requires better knowledge of its genetic diversity. Knowledge of the extent of crop genetic variability and the association of specific traits with geographic origin not only facilitates breeding programmes but also estimates the needs for future collection of germplasm ).
In the present study, we compared genetic diversity of durum wheat landraces originating from Iran by using SCoT and CDDP markers of functional domains of wellcharacterised plant genes (Collard, Mackill 2009a; . Several authors also reported that these marker techniques were able to provide more reliable diversity information compare to RAPD or ISSR techniques (Amirmoradi et al. 2012; Li et al. 2013; Poczai et al. 2013) and are useful as tools for studying the genetic diversity of different plant germplasm. There have been previous reports on clustering of genotypes using gene-based molecular markers in potato (Gorji et al. 2011) , chickpea (Pakseresht et al. 2013; Hajibarat et al. 2015) , ramie (Satia et al. 2015) , and wheat (Hamidi et al. 2014 ). In comparison with those studies, we found that the average polymorphism rate for SCoT and CDDP markers in Iranian durum wheat landraces were relatively high. In our study, SCoT and CDDP markers revealed independent patterns and both were effective in the characterization of diversity in landrace durum wheat accessions. Both markers showed high polymorphism percent, PIC and average number of polymorphic bands per primer. We found that the efectivness of CBDP and SCoT markers was similar, but the PIC value for CDDP (0.39) was higher than for SCoT markers (0.35). Based on Mantel test results, the genetic diversity for genotypes was nearly the same using SCoT and CDDP markers.
High correlation between SCoT-and CDDP-generated polymorphism observed in this study, has been reported by Hamidi et al. (2014) in wheat and Hajibarat et al. (2015) in chickpea indicating their suitability for inferring genetic relationships, which is important in germplasm management. Although the polymorphism rate for the markers was relatively similar, we anticipate that the source of detected diversity differs, as the markers target different regions of the genome (Pakseresht et al. 2013) .
We found that there was relatively low relationship between molecular divergence and geographical origin. The low correlations between genetic distances and geographical origin of the examined durum landrace accessions suggests that natural selection has not significantly affected the genome regions that were amplified by SCoT and CDDP markers or may suggest a low number of accessions and markers used in this study. On the other hand, the poor relationship between molecular divergence and geographical origins may reflect that accessions from one place entered into more than one cluster. Conversely, accessions from different geographical origins were relatively unique and tended to be clustered in one part of the dendrogram, which suggests that the most of the differences observed between accessions is determined not only by environmental differences but also by genetic factors.
The present study showed high genetic diversity in Iranian landrace durum wheat germplasm accessions. The magnitude and pattern of genetic variation detected in this study can be useful for more systematic germplasm management and utilization in breeding programmes (Tanya et al. 2011) . The exploitation of crosses between genetically distant parents (e.g., recombinants parents from the local accessions and the introduced genotypes) and those from diverse local sources may produce higher heterosis, better genetic recombination and segregation in their progenies and result in varieties with broad genetic base (Chahal, Gosal 2002) . The selection of genotypes for this study is primarily based on different geographic origin and also the important role of selected zones of Iran in wheat production for poor farmers. Therefore, we believe that there is a need for molecular markers based studies as a complementary study for better understanding the diversity pattern in Iranian durum germplasm. It will reduce the amount of materials for study as well as the costs of experiments.
Future germplasm collection and utilization strategies should take into consideration the magnitude and pattern of genetic diversity indicated by the present investigation. It is expected that when such diverse genotypes are involved in breeding programmes, as a result of reshuffling of the alleles due to recombination, there are better chances for the appearance of transgressive segregation with beneficial traits that can be selected to extract high yielding lines with desirable trait combination (Sofalian et al. 2008; Pakseresht et al. 2013) . For the first time, we demonstrated the capability of SCoT and CDDP in estimaion not only for determining the polymorphism rate, but also for the management of genetic diversity in Iranian durum wheat landraces and their uses in applied breeding programmes, particularly for the development of a core collection. In conclusion, two marker methods used, which targeted certain parts of plant genome or candidate plant genes by primer design, were used to estimate diversity durum wheat. This information is valuable for germplasm classification and defining various/ heterotic groups, which is particularly important in hybrid/ cross-breeding programmes for wheat.
